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We have recently described4 the preparation of 
tripheiiylphosphoniumcyclopentadienylide (TT) from 
triphenylphosphine and the dibromocyclopentenes. 
It was therefore of interest to investigate the re- 
action of triphenylphosphine (11) with diazocyclo- 
pentadieiie6 (TI) as a new route to the phosphiiie- 
niethylene T-. 

The or:inge phosphazirie T'II, m.p. 122-124' wac: 
obtained readily arid in good yield, but all at- 
tempts to effect its thermal decomposition to the 
phosphinemethylene T' have failed. 
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The ultraviolet spectrum of the phosphazine 
T'II in 95y0 ethanol exhibits a strong and sym- 
metrical hand with maximum a t  345 mp (E 20,000). 
This band is absent in the phosphinemethylene Y 
and probably arises from conjugation of the cgclo- 
peiitadienide and the phosphonium groups through 
the azo-function -X=S-, by operation of d- 
orbital resonance in phosphorus (VIIa-T'IIb). 

In 95%; ethanol solution containing hgdrochloric 
acid, the phosphiiiemethyle~ie~ V has well defined 
maxima at 263 mp (~10,300), 269 mp 1~12,100), aiid 
276 mp (~11,200). Similar maxima are observed in 
the spectrum of the phosphazine TTII in the ,came 
medium. These baiidq probably correspond to the 
triphenylphosphoiiium absorutioii superimposed 
on the cyclopentadiene absorptio~i,~ as in formula 
VI11 for one of the possible taiitomeric forms of the 
protonatr'd phosphazine. The spectrum of the 
phosphazine T'II in acid medium exhibits also a 
maximum a t  295 mp(d3,OOO) not present in the 
spectrum of the phosphinemethylene T7. Interpre- 
tation of this spectrum is complicated by the pos- 
sibility uf other tautomeric forrnr such :is the i i i -  

teresting phosphoi1iuiiih;vdraxoiie IX. It scenii clear. 
however. that 110 iignifirniit hydrolyiii of t hc phoi- 
phazine in the :widic uqueoui :ilcoholic medium 
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took place. Staudinger2 has called attention to the 
hydrolysis of other phosphazines to the hydrazone 
aiid the tertiary phosphine oxide : 

R3P=S--S=CXY + H20 --+ RIP0 + TXC=S--?;H2 

(I i 
P(C6H:) ax Pt Cet 1 5 )  s 

N N--H 
N 

IX 

EXPERIMENTBL' 

Diazocyclopentadiene (VI) was prepared as described by 
Doering and DePuy5 and collected a t  47-49' (45-48 mm.). 
All  operations with diazocyclopentadiene should be carried out 
cautiously. During one preparation, a violenf explosion took 
place after distillation. 

Reaction of diazocyclopentadiene (VI)  with triphenulphos- 
phine (11). -2 solution of diazocyclopentadiene (VI) (0.90 g.)  
in petroleum ether (b.p. 30-60") (3 ml.) TYas mixed with a 
solution of triphenylphosphine (11) (2.65 g . )  in anhydrous 
ether (20 ml.). An orange solid separated after a few minutes 
and was collected after 2 hr., washed ni th  ligroin and dried. 
Crude weight: 29 g., m.p. ca. 117'; the infrared spectrum 
was identical with that of the analytical sample, m.p. 117- 
119" (corr. ) obtained from methylene chloride-pet,roleum 
ether. The phosphazine VI1 has bands (KRr) at 6.60 (s), 
6.75 (m), 6.90 (vi), 7.00 (s), 7.45 (m),  9.0 (vs. broad), 
10.27 (vs), 10.92 (s), 11.30 (vs), 11.80 (s), and 12.95 (vs) p. 
The ultraviolet spectrum in 957, ethanol h:id A,,, 345 mp 
( E 20,000), a broad band centered at ra .  300 m p  ( E  8,000), 
three slight maxima at 262, 268, and 275 mp ( e  6,000) and 
a shouldrr a t  220 mp ( E  36,600). The spectrum in 055; 
rthanol cont,aining hydrochloric acid had A,,, 205 m p  
( E  13,600). 278 m p  ( E  15,200), 270 mp ( E  15,200), 268 mp 
( c 13,000; inflexion), and 225 m p  ( E  30,000). 

Anal .  Calcd. for C?;3HIgN?P: C, 78.0; H, 5.4; Found: 
C, 78.3; H, 5.7.  

The phosphaxine VI1 was heated to 165-175' alone and 
in the presence of copper powder. The thermal decomposi- 
t,ion was also attempted in boiling xylene. S o  triphenyl- 
phosphoniumcyclopentadienylidc lr could be detected 
among the tarry decomposition products. 
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Detection of Thiocarbonyl Groups by Infrared 
Spectroscopy 

E. SPISSER 

17iitil recently oiily meagre aiid wiitradictory 
infornintion n.ns available coiiceriiiiig the position of 
thiocarboiiyl band:: in the infrared,' hut it has iion- 

(1) J .  I. Jones, W. Kynaston, and J. L. Hales, J .  C h e m  
SOC., 614 (1957). 
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been established1v2 that the frequency of the un- 
perturbed thiocarbonyl stretching vibration is 
1140 f 80 cm. -l (in agreement with semiempirical 
calculation3). This frequency is rather insensitive 
to polar effects, but accidental r e s o n a n ~ e , ~ , ~  e.g. 
n-ith the NH, wagging vibration (-1130 cm.-l) 
in -CS.NH2 derivatives, or with asymmetric 

N-C-N st retching (1 100-1 200 cm. -l) in -&.CS.N- 
derivatives, may give rise to absorption bands in 
different positions due to "mixed" vibrations. 

The applicability of infrared spectroscopy to 
studies of thiol-thione equilibria such as are a t  
present being pursued iii this Department6 was 
examined, and conjugated C=S groups have been 
found to give rise to absorption bands as intense as 
carbonyl stretching bands. The infrared spectra 
of I and [I have been compared with those of the 
corresponding carbonyl compounds (0 in place of 
S). Strong absorption in the range 1110-1145 
cm.-' is observed in the spectra of the thio-com- 
pounds, while the oxo-compounds display only 
comparatively weak absorption in this region 
(€260).  No other band characteristic of the C=S 
group, and absent from the spectra of the C=O 
derivatives, has been found. The maximal inten- 
sity observed for I1 is among the highest recorded 
for infrared absorption bands. 

I 

TABLE I 

,CH -CSS \ / CHZCH, 
,SMe s=c ,NMe 

CH=CH \ 
HC/ 

'CH:=CH 
I I1 

FREQUENCIES ( P in cm. -1) A N D  A P P A R E N ~  INTENSITIES 
(emnx IN 1. em. mole-') OF THIOCARBONYL STRETCHING 

BANDS IN THE INFRARED~ 

Compound State P emax 

I 
I 
I1 
I1 
I ,  H in place of 

I, H in place of 

11, H in place of 

Me 

Me 

Me 

Me 
11, H in place of 

Soh .  in CS1 
S o h .  in CClr 
Soh .  in CSZ 
Solid in KBr 
Soln. in CS, 

Soh .  in CHClJ 

Soln. in CHCL 

Solid in K B r  

1114,1142 475,250 
1117,1143 470,280 
I127 1450 
1111 
1144 525 

1143 (strong) 

1126 (strong) 

1111,1122 

a Not corrected for finite slit widths. Measured on a 
single-beam single-pass spectrometer. 
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2- and 4-Mercaptopyridine in aqueous solution 
have been shown to be principally thiones,6 i.e. 
I and I1 with H in place of Me, in analogy with 2- 
and 4-hydroxypyridine which actually are pre- 
dominantly carbonyl compounds.'~* The data in 
the table show that these mercaptopyridines are 
essentially thiocarbonyl compounds also in less 
polar media. This study is being extended.8 
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Nitrosochloride Syntheses and Preparation of 
Carvone 
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-4 convenient preparation of limonene nitro- 
sochloride has been developed. In place of the usual 
generation of nitrosyl chloride in a separate genera- 
tor or the use of amyl nitrate i t  has been found that 
nitrosochlorides can be formed in situ by simul- 
taneous addition of sodium nitrite and acid to the 
olefin. Yields by the procedure are high, and the 
quality of the product is satisfactory. Limonene 
nitrosochloride can be produced in yields of 80% 
n-ith rotations of 226". 9 - G k O H -  QNOH 

A A A 
The amount of acid used in the reaction is 

critical. The usual amount of concentrated aqueous 
hydrochloric acid used was 40-50 ml. per tenth 
mole of olefin. As low as 33.3 ml. per tenth mole of 
olefin gave nearly the same results. Use of 75 ml. 
of concentrated acid per tenth mole of olefin re- 
duced the yield from the usual 75-80y0 range to 
less than 10%. In general, equimolar proportions 
of sodium nitrite were used although a Soy0 excess 
had no adverse effects. The temperature of the re- 
action had to be maintained below 10'. Operation 
a t  20' resulted in a 26% yield of nitrosochloride. 
The rate of addition and the efficiency of stirring 
had to be adjusted to avoid localized heating and 
high acid concentrations even with optimum 
amounts of reagents. 

Other cyclohexene derivatives can be converted 
to the nitrosochlorides by the same process. Using 
the conditions found optimum for limonene, yields 
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